cases, are considered to be more unpleasant than the pain of childbirth. 1, 2 Commonly occurring side-effects of epidural analgesia include diminished patient awareness of uterine contractions and of giving birth, sensations of weakness, numbness, and paraesthesia of the lower limbs, reduced mobility, shivering bladder distension, and symptoms related to' postural hypotension. Some of these effects may, to some extent, also be responsible for the higher incidence of obstetric intervention which has so frequently been observed in association with epidural analgesia (e.g. urinary catheterisation instrumental delivery and episiotomy).
' In an attempt to overcome some of these unwanted sequelae, several centres have tried introducing modifications in their management of epidural analgesia. Such innovations have taken various shapes and forms, and many of them are not yet clearly established. For the purpose of this discussion, however, they can be considered as falling. int.o two broad categories: namely, alteratlOns III drug preparation and modifications in subsequent drug delivery. It is the purpose of the present article principally to consider the latter-but before doing so, it is necessary to outline' the rationale behind recent developments in the choice of epidural medication itself.
Since the side-effects summarised above are secondary to neural blockade and are largely doserelated, it seems only sensible to try to reduce local anaesthetic dosage to a minimum. Several centres have ~lready demonstrated that satisfactory analgeSIa can generally be achieved using doses substantially less during labour than those required for surgery. It is also becoming clear that the addition of epidural opioids allows further reductions in local anaesthetic dosage to be accomplished. Developments in the use of lowdose local anaesthetic-opioid mixtures are ?iscussed more fully elsewhere in this symposium Issue. They appear to be very promising, but as yet, there have been no comparative studies to determine which is the most suitable preparation for obstetric application. In any event, it is unlikely that any single epidural preparation will prove to be entirely satisfactory for all patients throughout labour. As will be seen, this contention becomes important when considering some of the alternative regimens which have been described in the management of epidural analgesia. ADMINISTRATION 
OF EPIDURAL MEDICATION SUBSEQUENT To THE INITIAL DOSE: CURRENT METHODS
In most centres, it is not unusual for further epidural medication to be required following the Anaesthesia initial dose. In order to meet this requirement various regimens have become established to provide continuing analgesia during labour. These are summarised in Table 1 , and the relative merits of these requirements will now be discussed in more detail.
Single bolus injection(s) via a needle
It has been argued that the routine use of epidural ~at~eters during labour is neither necessary nor JustIfied, because a substantial number of patients ?~ ~ot require any further analgesia following the lllltIal dose. According to experience acquired at the ~~yal Women's Hospital, Melbourne,3 patients requ~nng ~)llly a single dose could be successfully predIcted III 80% of cases. During a two-year period at that institution, catheters were inserted in only 27% of women who requested epidural analgesia. The remainder (totalling 1707 patients) received all epidural medication via a 22 gauge spinal needle. Of the latter, 14.5% required one additional injection during their labour and 5.2% required two or more separate injections.
When epidural drugs are injected directly then it is also feasible to use much smaller gauge ~eedles than when epidural catheters are inserted. It has been claimed that epidural-related morbidity can thereby be reduced. Thus, the incidence of headache following accidental dural puncture in the. above-mentioned survey was lower among patIents who did not receive an epidural catheter (32% versus 100%)3. Post partum backache and tenderness at the site of injection was also said to be significantly less. The latter claim should be treated with caution, however, since other factors may have been relevant (e.g. differences in the duration of labour or mode of delivery). In addition, bac~ache is extremely common in the post partum penod, and has proved notoriously difficult to evaluate. 4 Direct injection via the needle seems to be more reliable in producing bilateral spread of analgesia than when epidural catheters are used. 5 This may reflect the greater likelihood of medication being deposited in the dorsal midline, so promoting a more even distribution within the epidural space. Accordingly, the incidence of unilateral blocks and 'missed segments' is somewhat less when injections are performed directly.
Despite these apparent advantages, however, there are several inherent disadvantages associated with the practice of using single, needle-bolus injections in labour. First, the patient who requires further analgesia after the initial dose' must undergo the procedure all over again. This is hardly a pleasant prospect -even though the Melbourne experience suggests that the proportion of women needing a further dose can be kept remarkably small. 3 On the other hand, experience from other centres suggests that additional doses are invariably required. For example, in our own unit only 19% of patients give birth without receiving supplementary doses (unpublished observations). Furthermore, approximately a quarter of patients receive further epidural medication after delivery in order to provide post-delivery analgesia or to assist in the control of hypertension. Repeated separate injections are not really practical, therefore, in centres where more than one dose is commonly given.
A second, and related, disadvantage of direct injections is the inconvenience caused when an emergency caesarean section or other obstetric intervention (e.g. manual removal of placenta, vaginal or perineal repair) is required. In these cases, the level of analgesia may be inadequate for surgery and so necessitate the need for further anaesthesia.
Third, direct injection via the needle virtually precludes any adjustment in dosage to take place. It is obviously neither safe nor practical to await the onset of satisfactory analgesia with a needle tip lying in the epidural space, especially during labour. In these circumstances, it is only natural to administer a preparation which will have the most rapid onset and the most prolonged duration of effect. In practice this implies providing relatively dense neural blockade, and consequently a high incidence of the side-effects outlined in the introduction. (The epidural preparations used in the Melbourne study cited above 3 and the mode of delivery were not specified.) This inability to adjust analgesia according to patient needs is a major disadvantage of the 'single shot' technique.
A fourth disadvantage of repeated injections is the further opportunity to produce epidural-related morbidity such as accidental dural puncture, although the Melbourne survey did not, in fact, find any greater incidence of this complication among patients who received repeat injections. 3 Finally, the single-dose approach to epidural practice must present additional logistical difficulties when further pain relief is required. Unless an anaesthetist is continually in attendance within the unit, there are likely to be delays in arranging for a repeat epidural block; or, alternatively, the patient may require 'tiding over' by other means. Logistical problems such as these naturally become more pronounced in smaller, less well-staffed units. They also inevitably increase the pressure and temptation to administer dense degrees of neural blockade.
Intermittent bolus injections via an epidural catheter
The practice of inserting a catheter into the epidural space has become well-established in obstetrics over the years. It is simple to perform, and as a route for on-going analgesia, the presence of an indwelling catheter confers important clinical advantages. The most obvious benefit is the ease in which analgesia can be maintained without the patient requiring any further injections until delivery is accomplished, either vaginally or by caesarean section. An epidural catheter can also be used to provide postoperative analgesia in the postnatal ward, providing certain conditions are met. 6 ,7 Of even greater relevance during labour is the facility with which adjustments in dose can be made once an epidural catheter is correctly sited. Thus, it is possible to modify both the character and the depth of analgesia in response to individual patient preferences or needs. This would seem to be a desirable practice in principle, partly because there is considerable biological variation in analgesia requirements and partly because, as noted previously, side-effects are largely doserelated. Unfortunately, for reasons which are discussed later, the potential to introduce more flexibility into the management of epidural analgesia is not commonly realised.
There remain, however, some disadvantages associated with the use of epidural catheters. These are generally related to malposition of the catheter tip. Unilateral block, for example, or 'missed' segments may occur, and whilst inadequate pain relief resulting from such causes usually responds to simple measures, sometimes analgesia remains unsatisfactory.
Of much greater concern is the risk that the catheter tip may unknowingly lie in a blood vessel, or in the subarachnoid (or subdural) space. Although rare (and arguably preventable), there is no doubt that these complications are potentially life-threatening. Consequently, some centres have insisted as a matter of policy that epidural medication must be administered only by an anaesthetist or other medical practitioner. While safety (or, at least, responsibility for safety) would thus seem to be assured, such policies do hinder any prospect for providing more flexibility in epidural management.
Insistence on the directive that all incremental doses must be given by an anaesthetist is associated with two major drawbacks. First, there will obviously be a delay from the time the patient requests, until she actually receives, further analgesia. The duration of this delay must depend upon the accessibility and readiness of staff to attend as quickly as possible. Inevitably, there will be occasions, even in well-staffed units, when the patient must endure an interval of pain before a further top-up dose can be arranged. Second, as a consequence of these logistical difficulties it is only natural that the anaesthetist will tend to administer a dose which will have the most prolonged analgesic effect; that is, dense neural blockadewith all of the associated side-effects.
One way in which intermittent analgesia can be made less erratic, and therefore more satisfactory, is to repeat the injections on a regular basis instead of 'on-demand'. In one study in which the two methods were compared, analgesia provided by regular injections (at 90-minute intervals) of various concentrations of bupivacaine was considered superior to the on-demand technique. 8 While epidural injections given at regular, predetermined intervals may therefore improve the overall quality of analgesia, such regimens still do not take into account the wide range of analgesic requirements which exist between individuals. For some, analgesia may be inadequate; for others, it may be too intense.
The alternative approach is to permit top-up doses to be given on a patient-demand basis by the attending midwife. The midwife, after all, remains with the mother throughout labour and develops a special rapport with her. The midwife might be ideally placed therefore, not only to administer top-up doses whenever they are required, but to actually determine the most appropriate preparation to meet the patient's individual needs. Such an approach should, theoretically, overcome the problem of delays in treatment and, furthermore, encourage much more flexibility in epidural management. The whole question of midwife-managed epidural analgesia, however, is controversial, but before discussing these issues in greater detail, it is necessary to consider some other developments in methods of epidural drug delivery.
Continuous epidural infusions
Advances in infusion pump design have recently made continuous infusions a more practical proposition. There are now many reports and surveys describing continuous epidural infusions during labour. Infusates have included bupivacaine alone, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] or bupivacaine combined with an opioid drug such as fentanyl2()'22 or sufentanil. 23 It is beyond the scope of this article to review all of these reports, but they do demonstrate that a wide range of techniques are currently being explored. There appears to be no overwhelming evidence as yet, however, to suggest that one infusion regimen is clearly superior to another. Indeed, it is impossible to know whether the study conditions in these differing reports were srictly comparable. In any case, most of these included only small numbers of patients.
Several advantages have been claimed for using an infusion technique over intermittent injections. They include a more constant level of analgesia, reduced incidence of hypotension, lower blood concentrations of local anaesthetics and consequently less risk of developing systemic toxicity, less likelihood of infection, and reduced risk of a high spinal block occurring if the catheter becomes situated in the subarachnoid or subdural space. If, in addition, an opioid drug is added, the incidence of shivering is dramatically reduced 24 and there appears also to be an improvement in perineal analgesia at delivery.25 Finally, most reports have demonstrated that continuous infusions reduce the need for supplementary top-up doses, and this must be an attractive feature for centres . which demand that all epidural medication must be administered by medical staff.
While there can be no doubt that epidural infusions have a theoretical and practical appeal and are becoming increasingly popular, there are some limitations with the technique when applied during labour.
First, if a steady-rate infusion is used, it is necessary to determine what the infusion rate will be. This presumes that it is possible to predict the dose requirement for each patient and that this requirement will remain constant. Both suppositions fail, however, to take account of the biological variation which exists between individuals in their needs for analgesia and that these needs may change as labour progresses. It is not surprising to find that as the dose rate falls, so does the proportion of patients who receive satisfactory analgesia. In one study, for example, the number of patients requiring one or more supplementary top-up does of 0.25% bupivacaine increased from 65% at 18.75 mg/h to 79% at 12.5 mg/h, and at 6.25 mg/h only 5% did not require further analgesia. II Epidural infusion regimens must reach a compromise between analgesic efficacy and the unwanted side-effects of neural blockade. If the main aim is to provide analgesia for a substantial majority of patients, then it follows that relatively dense blockade is still needed -at least if local anaesthetics alone are employed. (This does not necessarily apply if local anaesthetic-opioid mixtures are used.)17,20,21,23
Second, it appears that infusion regimens per se do not decrease the epidural dose requirements during labour nor the incidence of side-effects. On the contrary, in those studies which have compared a continuous infusion with intermittent top-ups given 'on demand', the overall administered dose has been greater in the infusion groUp.",14,IS,19 Maternal local anaesthetic concentrations at delivery were also higher.11 In addition, the incidence of missed segments, hypotension, the extent of sensory blockade, duration of the second stage of labour, and the need for urinary catheterisation were similar in both groups. In two studies, the incidence of motor block was greater in the infusion group, 11 ,14 and in another, the instrumental delivery rate was also higher. IS Third, while the workload associated with top-up dosing is reduced,19 there are no grounds for believing that standards of patient surveillance can be relaxed in any way when intermittent bolus regimens are replaced with infusions. Admittedly, the likelihood of systemic local anaesthetic toxicity developing during an infusion is remote, providing there have been no errors in dosage or equipment malfunction. Similarly, it is probable that subarachnoid or subdural placement of the catheter will become revealed 14, providing the signs are recognised, before a dangerously high spinal block develops. 26 Such reasoning, however, remains entirely speculative; there is insufficient information, for example, on the influence of sudden changes in posture on the spread of local anaesthetics within cerebrospinal fluid. In any case, it is clear that continuous infusions demand a no lesser degree of vigilance than is currently recommended for intermittent techniques.
Fourth, the infusion equipment available is not entirely without hazard, and in some cases the apparatus may be bulky, inconvenient to use and expensive. A range of problems occurring with drug delivery systems have been reported to the Australian Commonwealth Department of Health. 27 These included failure of integrated circuits, infusion controllers and alarms and various malfunctions causing over-infusion. There is also the potential for errors in calculation to occur during preparation of the infusate, especially if mixing or dilution is required.
Patient controlled epidural analgesia
At the time of writing, there is only one report of patient controlled epidural analgesia (PCEA) in labour. 28 In this study, 27 primiparae received 0.125% bupivacaine infusion by one of two techniques. The PCEA group received a background infusion rate of 4 mlIh with the possibility of delivering in addition 4 ml every 20 minutes, and the control group received a continuous infusion of 12 mllh. The PCEA group required less bupivacaine than the controls, and tended to be more satisfied despite more variable levels of analgesia. There were no other significant differences between the two groups. Unlike other infusion regimens, PCEA has the distinct advantage of permitting the patient to exercise some personal control over the desired level of analgesia. Theoretically, it allows the individual to balance pain relief against the side effects of neural blockade. While it is too soon to determine the relative merits of PCEA from a single study, there would still seem to be some drawbacks to the technique when applied to the parturient.
First, the PCEA infusate is limited to a single drug preparation. With currently available apparatus, it is possible to alter only the rate of delivery and not the nature of the medication. Second, PCEA apparatus is cumbersome, sophisticated to use and expensive. It restricts patient mobility and the mother may regard it with disdain as being yet another piece of impersonal 'machinery'. Finally, despite rapid technological advances, the safety and reliability of PCEA apparatus is not established.
Double catheter techniques
This technique, originally described by Cleland in 1949, consists of electively inserting a caudal catheter in addition to a lumbar epidural catheter. This approach recognises that the lower birth canal and perineum (somatic, sacral [2] [3] [4] is innervated differently from that of the uterus (visceral, lumbar 10-12). By using two separate catheters, it is thus possible to manage pain at delivery quite separately from pain associated with uterine contractions. Purported advantages of the technique include more flexible management, and a lower overall dose requirement, although this latter claim has never been substantiated. On the other hand, the technique involves further discomfort for the patient and potential complications associated with an indwelling caudal catheter, including the risk of contamination. Moreover, on most occasions the lumbar approach alone seems to be perfectly adequate for both labour and delivery, especially with the range of local anaesthetic agents and opioid drugs now available. Accordingly, the double catheter technique is not currently popular. It will be apparent from the above description that there are many exciting developments occurring in obstetric epidural management. Clinical conditions and circumstances obviously differ between centres and so it is not surprising that developments have evolved in different ways. Several centres have recognised that traditional, relatively 'dense' degrees of neural blockade which have been provided so commonly in the past have shortcomings, and are not always popular among patients. 1,2
By definition, pain is a personal experience. It follows, therefore, that any judgement relating to its relief must also be personal. Women requesting an epidural block during labour do not seek anaesthesia (i.e. total insensibility; loss of feeling, sensation).29 They do not, necessarily, even seek analgesia (insensibility to pain). The majority of patients simply desire labour pain to become bearable again. In other words, they require an anodyne. (The term, anodyne, was introduced by Celsus in 1543 and means: '1. A medicine or drug which alleviates or assuages pain. 2. Anything that soothes the feelings, calms or comforts; or lessens the sense of misfortune'. 29 It was, in fact, the term used initially to describe the effects caused by the inhalation of ether vapour in the year 1846. Only in the following year was this so-called 'anodyne effect' replaced by the new term 'anaesthetic'. Since that time, the older term has fallen into disuse. This is a pity, because an 'anodyne' effect well describes the main objective of epidural medication in labour. Perhaps we should be aiming to achieve anodynia in obstetrics rather than analgesia?) Semantics aside, however, the fact is that the analgesic requirements during labour are individual, unpredictable and likely to alter according to time and circumstances. For these reasons, epidural management which is based upon a single, standard drug preparation, and upon a rigid delivery system, cannot hope to satisfy individual patient wants and needs. Most of the regimens discussed in this review suffer, to a greater or lesser extent, from some degree of inflexibility.
One way in which greater sensitivity in epidural management can be achieved is to allow the midwife more responsibility in determining dose requirements. If a range of agents is prescribed, then the density of analgesia can be adjusted by the midwife according to patient preference or clinical circumstances. In our experience during the past six years, the introduction of this simple practice has proved to be efficacious, safe and practical. Three preparations are routinely prescribed; namely, bupivacaine alone in concentrations of 0.25% and 0.5%, and a mixture containing bupivacaine 12.5 mg and pethidine 25 mg in saline 1 0 ml. The latter mixture has been the most popular and commonly used preparation. The results of a preliminary survey have already been reported 30 and details of a further 3000 patients are currently being evaluated.
The practice of permitting midwives to administer, let alone to determine, epidural medication is controversial. The main concern has been that of safety. How safe is midwife-managed epidural analgesia? This is a complicted question because most centres do not audit or publish epidural-related complications. When recommended practices are observed however, the cumulative experience from at least two centres is reassuring ( Table 2 ). Bromage has also referred to experience in Montreal of over 30,000 epidurals safely managed by midwives. 33 Guidelines issued by the Faculty of Anaesthetists of the Royal Australasian College of Surgeons do not prohibit epidural top-up doses being 34 Included in these guidelines is the following statement: 'Once epidural analgesia has been established and the response of the patient to the agent has been tested, further doses to maintain analgesia may be administered by other members of the medical or nursing staff etc. The same guidelines also include a statement on the administration of epidural opioids: 'Evidence is accumulating that safe analgesia can be provided by intermittent or continuous injection of narcotics into the epidural space and the Faculty believes that similar principles should apply in these techniques.' There are certain provisos attached to these guidelines,34 the most important of which is the following: 'In the event of complication or adverse reaction, a person expert in the management of such problems is readily available.' It is beyond the scope of this article to discuss policies in relation to midwife-managed epidural analgesia. Recommendations regarding facilities, teaching and training have been described elsewhere. Basic requirements are summarised in Table 3 . Additional recommendations have been suggested from time to time, such as aspirating and giving a test dose before each top-up dose and regular assessment of the upper level of block by the midwife. 35 The value of these additional tests has not been clearly established. Both false-positive and false-negative results can occur with the former, while in practice it is often difficult to determine an upper level of sensory block when using local anaesthetics in low dosages. Ultimately, safetly depends upon the degree of expertise, training and familiarity of staff with the technique, and upon the speed in which skilled assistance can be summoned in the event of an emergency. When these conditions are met, epidural management by midwives appears to be extremely safe.
Furthermore, when midwives are permitted to determine top-up doses, it has been our experience that they will initially choose the preparation containing the least dose of bupivacaine. Herein lies a further safety factor, since it is unlikely that serious harm would follow in the event of a patient accidentally receiving say, 12.5 mg ofbupivacaine intravenously, or even intrathecally. The latter complication has already been reported in at least three cases, two of whom received bupivacaine 12.5 mg alone, the other in combination with pethidine 25 mg 36 ,37 In none of these cases did symptoms of a total spinal block occur, although the degree of motor block was more pronounced.
CONCLUSIONS
This review has attempted to examine the relative merits associated with current methods of epidural drug delivery following the initial dose. Apart from considerations of patient safety, a major emphasis of the review has been to compare the degree of flexibility in obstetric pain management which can be provided by the various methods. This emphasis is based upon the belief . that patient satisfaction is enhanced when analgesic requirements are adjusted to meet individual needs. Some regimens are clearly more flexible than others.
Optimum flexibility arises when the patient herself can exercise control over the strength of analgesia. This is particularly relevant when sideeffects (e.g. sensation of numbness, leg weakness) are related to the strength of analgesia. When the patient is able to exercise personal control, then she can to some extent balance these side-effects against her pain. Labour pain is rarely perceived in isolation. Childbirth is an intensely personal experience, and labour pain is only one of many factors which must be weighed and considered by the parturient. Future studies need to consider matters other than simply analgesic efficacy and obstetric outcome.
It is unlikely, that there will ever be a single epidural preparation which will meet all requirements in labour, especially if greater flexibility is to be accomplished. All ofthe regimens discussed in this review which rely upon a mechanical pump are limited to one preparation. At the present time therefore, it would appear that the most practical way to achieve more flexibility in pain management is to allow midwives to determine and to administer epidural medication, providing the appropriate safeguards and standards are met.
